M
illennium Development Goal 4 has encouraged many countries to make substantial efforts to reduce child morality. Child survival has extremely improved. Although the health of children under 5 has substantially improved globally, with the number of children under-5 deaths decreasing from 17.6 million in 1970 to 6.3 million in 2013, only 27 developing countries are expected to achieve Millennium Development Goal 4 by 2015 (1) . Moreover, declines in neonatal mortality are not keeping pace with declines in postneonatal mortality, which has globally increased the burden of newborn death.
From 1990 to 2007, the under-5 mortality rate in China decreased by over 66.7%, which was 8 y ahead of the deadline imposed by Millennium Development Goal 4 (2). Previous studies have described the rapid fall in child mortality in China and have shown the important role that socioeconomic and health system determinants have had in the process (3, 4) . However, neonatal deaths in China accounted for over 50% of children under-5 deaths (5) and 5% of global newborn deaths, which will largely influence the global burden of disease. Because of differences in social development in urban and rural China, large rural-urban disparities in neonatal mortality rate (NMR) in China have been shown in a previous study (6) . The change in NMR and cause-specific NMR in urban and rural areas provide an important geographical summary of progress in reducing the burden of newborn death and illustrate where renewed efforts are needed. Currently, there are no published data to show cause-specific NMR in urban and rural areas.
This study aims to understand the change in urban and rural NMR, as well as changes in cause-specific NMR, from 1996 to 2013. The study also aims to assess the urban-rural disparity in NMR using 18 y of consecutive data from the populationbased National Under-5 Child Mortality Surveillance System (NU5CMSS). With this, progress and challenges in neonatal health can be identified and provide direction for the Chinese government to create effective interventions that improve neonatal health. Additionally, useful lessons can be gleaned from the experience of reducing neonatal mortality in China and transferred to developing countries across the world. Table 1 shows that the NMR in urban areas was decreased from 11.0 to 4.0 deaths per 1,000 live births, which was a 63.8% decrease between the periods of 1996-1998 and 2011-2013. The early neonatal deaths accounted for 79.1% of all neonatal deaths, and the urban early neonatal mortality rate (ENMR) was reduced by 67.4%. The urban NMRs caused by noninfectious and infectious diseases were reduced by 63.1 and 65.1% during the study periods, respectively. The causes of child deaths that were absolutely reduced the most were intrapartum-related conditions, congenital abnormalities, premature delivery, and pneumonia. The decline of these causespecific NMRs contributes to the 92.5% reduction of urban NMR ( Table 2) .
RESULTS
In rural areas, the NMR decreased from 26.0 to 8.1 deaths per 1,000 live births, which was a 68.7% decrease. Of all neonatal deaths, 78.2% occurred within less than 7 d after birth. The rural ENMR was reduced by 69.2% between the periods of 1996-1998 and 2011-2013 periods ( Table 1) . The noninfectious disease-specific NMR was reduced by 66.4% during the same period. This was mainly due to a decreased mortality in intrapartum-related conditions and preterm delivery. Meanwhile, infectious disease-specific NMR was reduced by 81.6%, and approximately 78.9% of that reduction was due to the decline of the child mortality caused by pneumonia.
The risk ratio (RR) of NMR between rural and urban areas decreased from 2.46 (95% confidence interval (CI): 2.32-2.60) in 1996-1998 to 2.04 (95% CI: 1.94-2.14) in 2011-2013. However, until 2011-2013, almost all cause-specific NMRs in rural areas were significantly higher than those in urban areas, except for measles, septicemia, meningitis, and tetanus ( Table 2) . Notably, the NMR due to premature delivery that has become the leading cause of child death in 2011-2013 in rural areas was about two times as much as that in urban areas.
Almost all cause-specific ENMRs substantially decreased both in urban and rural areas of China over the last 18 y ( Table 3) . Of note, pneumonia-specific ENMR decreased by more than three-quarter during the study periods, as well as the ENMR due to intrapartum-related conditions. However, the proportion of early neonatal deaths due to premature delivery significantly increased from 22.9% in 1996-1998 to 36.2% in 2011-2013 in urban areas (Z = 11.62, P < 0.001) and from 26.4% in 1996-1998 to 36.3% in 2011-2013 in rural areas (Z = 10.58, P < 0.001). The proportion of early neonatal deaths caused by congenital abnormalities increased from 9.2% during 1996-1998 to 16.5% during 2011-2013 in rural areas (Z = 12.03, P < 0.001), but no significant change was observed in urban areas (Figure 1) . In 2011-2013, the three leading causes of early neonatal deaths were premature delivery, intrapartumrelated conditions, and congenital abnormalities, and the three leading causes of late neonatal death were premature delivery, congenital abnormalities, and pneumonia (Figure 1; Table 3 ).
DISCUSSION
Our study indicates a remarkable decline in the NMR both in urban and rural areas of China over the past 18 y; the percent decrease was more than 60%, much faster than the global average (1) . The NMR of urban China in 2011-2013 approaches that of some developed countries or regions, such as Canada (3.1‰), Central Europe (3.4‰), and America (3.6‰). The NMR of rural China is also much lower than the global NMR (20‰) and many middle income and developing countries, such as Brazil (9.1‰) and India (28.1‰) (1) . It is impossible to achieve MGD4 without substantial reductions in early neonatal mortality (7) . Estimates indicate that global ENMR was reduced by 37.6%, which was much lower than late neonatal mortality rate (52.7%) from 1990 to 2013 (1). Our study shows substantial decreases in ENMR in both urban and rural areas; the changing amplitude of ENMR was more than two-thirds from 1996-1998 to 2011-2013. China's success suggests that reducing the ENMR is critical to reducing child mortality.
A substantial reduction of the NMR due to infectious diseases was observed in our study. This was facilitated by having full access to antibiotics (oral medication and intravenous drip), the promotion of breast feeding, the practice of boiling water, and the presence of a skilled birth attendant (4, 8, 9) . More importantly, the implementation of several important public health programs by the Chinese government has also contributed largely to this achievement. The coverage of sanitary latrines in rural areas increased from 39.8% in 1999 to 71.7% in 2012, and the coverage of clean water supplies increased from 43.2% in 1995 to 74.6% in 2012. These projects benefited from the program for improving drinking water and lavatories initiated in 1990s (5 Additionally, our findings suggest that the reduction of NMR in both urban and rural areas is largely attributed to decreased neonatal mortality of intrapartum-related conditions, premature delivery, and congenital abnormalities. The decreases in these cause-specific NMRs may also be due to increased accessibility of health services and improvement of skilled health care before, during, and after delivery, as well as the impact of neonatal resuscitation and the policy that at least one staff member trained in neonatal resuscitation is present in labor room. In the past 18 y, through the use of in-facility delivery subsidy for rural women and a wide range of health education (10, 13) , the in-facility delivery rate increased from 60.7% in 1996 to 99.5% in 2013 (14) . Previous studies suggest that 48-70% of neonate deaths could have been prevented by hospital birth (13 resuscitation. These interventions have improved the skills of health providers and contribute to decrease the mortality of birth asphyxia (15) . Our study shows that intrapartum-related conditions are no longer the leading cause of neonatal deaths in China as of 2011-2013. However, because of relatively lower changing amplitude of the NMR due to premature delivery than that of the NMR due to intrapartum-related conditions in both urban and rural areas of China, premature delivery becomes the leading cause for neonatal deaths. The more difficulty of premature complication intervention and large number of preterm birth (1.17 million per year in China estimated by World Health Organization) in China may contribute to the increasing proportion of deaths due to premature delivery. Premature delivery accounts for approximately 36% of all early neonatal deaths and 33% of all neonatal deaths in 2011-2013. In the USA, only 17% of neonatal deaths were due to preterm birth (16) . Therefore, more attention should be given to reduce neonatal mortality caused by preterm delivery. Essential neonatal care, antenatal steroid injections, kangaroo mother care, and antibiotics to treat newborn infections are all feasible, cost-effective interventions to address preterm birth (17) (18) (19) (20) . Additionally, public investments should been made for the creation of neonatal intensive care units throughout the country and for strengthening basic and comprehensive essential newborn care, especially rural areas (21, 22 ). An estimated 276,000 babies worldwide die within 4 wk of birth each year from congenital abnormalities (23) . Our results suggest that congenital abnormalities have emerged as important causes of neonatal mortality in rural areas as neonatal mortality caused by infectious diseases have declined. Reducing the incidence and mortality rate of congenital abnormalities, especially in rural areas, should be a priority for neonatal health in the future. The Chinese government should strive to increase the coverage of the prevention and treatment interventions for congenital abnormalities suggested by the World Health Organization (24) .
Notably, our study also shows the disparity in NMR between urban and rural areas of China. Although rural-urban disparities in neonatal mortality risk caused by septicemia and tetanus have been eliminated, the rural NMR due to the noninfectious disease is significantly higher than the urban NMR. Unbalanced development of the economy and disparities in the accessibility of high-quality health care may contribute to the unfair neonatal survival in these two environments (3, 6, 25) . Moreover, we should note that the NMR due to infectious diseases, such as pneumonia and diarrhea, in rural areas is more than twice that of urban areas. Further action to reduce pneumonia and diarrhea incidence should involve the introduction of polyvalent pneumococcal, Hib, and rotavirus vaccines, which are still not freely provided to children, and the use of oral rehydration salts and zinc, which are still not a standard practice in China (26, 27) .
There are some limitations to our study. First, misclassification of the cause of death is likely happened in NU5CMSS, especially for the deaths that occurred at home, which accounted for 32.7% of all deaths registered in NU5CMSS in 2013. However, 86.9% of the cases received medical treatment before death; therefore, we can easily obtain information about these deaths and identify the causes. Second, neonate deaths due to other causes accounted for 10.8% of all neonate deaths from 1996 to 2013 and need to redefined. Efforts have been made to improve the cause of death classification based on international standards, verbal autopsy in children found dead at home and neonatal death audits are the most direct methods for improving data collection on cause of death and child mortality estimation.
In summary, China has made a substantive progress in reducing NMR in both urban and rural areas over the past 18 y; however, disparities in NMR between urban and rural areas still exist. One of United Nations post-2015 sustainable development goals is to eliminate avoidable neonatal deaths by 2030. To further reduce child mortality, the Chinese government needs to make a stronger effort in training MCH professionals, improving the quality of neonatal care and access to quality essential obstetric and neonatal services, promoting prenatal health education and financially supporting women and children in poor areas.
METHODS

NU5CMSS in China
Data used in this study were obtained from NU5CMSS, a well-established population-based under-5 child death registry system set up by Health Ministry of China in 1991. There were 116 districts/counties sampled in this system. These sites were spread across 31 provinces, autonomous regions, and municipalities from 1996 to 2008. The number of surveillance sites increased to 336 districts/counties in 2009, covering a population of approximately 36 million (3% of total population). According to the women's residence, the surveillance sites can be classified into urban areas or rural areas. U5CMSS of China has been described well in the other articles (25, 28, 29) .
Data Collection
Briefly, data collection in U5CMSS was based on the three-level administration network of women and children's health. It has also been well documented previously (25, 28, 29) . The order of data collection is village-township-county in rural areas, and communitysubdistrict-district in urban areas. The trained village doctor and director of the community committee collect the information on live births each month and report it to township and subdistrict MCH worker. Child death cases must be reported to the MCH worker at the township and subdistrict level within 3 d of the death. A structured household survey questionnaire about the deceased child should be administered by the MCH worker within 7 d through interviewing caregivers or attending nurses and physicians if the death occurred in hospital. Each quarter, the MCH worker reports the number of live births and child deaths to the county/district-level MCH institution after examination and approval. Then, the reports are reviewed and verified by county/district-level, prefectural and municipal level, and provincial level MCH institution. The national office for MCH surveillance finally confirms the reports and encodes the underlying cause of death for each case using International Classification of Diseases-10.
Quality Control
To ensure the accuracy of the data collected in U5CMSS, regular quality control was conducted at all levels of the surveillance networkquarterly at township and subdistrict levels, semiannually at the county level, and annually at prefectural and municipal levels, provincial level and national level at selected sites. The National Office randomly checked the quality of surveillance data from counties/districts in six to eight provinces every year. Quality control focuses on missing reports and erroneous causes of death by cross-examining
